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Introduction

Typical for non-passerine
birds, the
spermatozoa of the turkey, chicken and guinea
fowl were vermiform with a maximum width of
0.5-0. 7µm and lengths of 90µm for chicken sperm,
and 75-80µm for those of the turkey and guinea.
An acrosome, nucleus, midpiece and flagellum
could be distinguished
by SEM.
The acrosomal cap projected
over a perfora_
torium surrounded by granular material.
At its
base, the cap encircled
apical projections
of
the nucleus.
The nucleus consisted
of dense
chromatin, and formed a concave implantation
fossa where it joined the midpiece of the tail.
For turkey and chicken spermatozoa,
the neck
region of the midpiece consisted
of a proximal
centriole
and its pericentriolar
processes
oriented
perpendicularly
to an elongated distal
centriole,
but guinea sperm contained only a
single elongated centriole
and associated
pericentriolar
projections.
The centrioles
plus
their projections
to the implantation
fossa
constituted
the non-striated
connecting piece.
The distal
centriole
served as the precursor
of
the flagellum and was longest for turkey sperm.
Enveloping the distal
centriole
and extend
ing to the annulus were 25-30 helically
arranged
mitochondria.
Flagellum ultrastructure
consisted
of the typical 9 + 2 microtubular
axonemal complex but outer dense fibers were absent. A hypertonic diluent
immobilized the sperm, condensing
the flagellar
matrix and obliterating
the radial
links.
Variations
in ultrastructure
of the above
structures
between sperm of the three species is
discussed and compared with sperm ultrastructure
from other non-passerine
birds.

KEY WORDS: Ultrastructure,
chicken, guinea fowl.

and R. A. Hess**

spermatozoa,

Within the class Aves, order Galliformes,
are the chicken, turkey and guinea fowl.
The
particular
family names are: Numididae (guinea
fowl; Numida meleagris),
Meleagrididae
(turkey;
Meleagris gallopavo)
and Phasianidae
(chicken;
Gallus domesticus).
These species are propagated
in large number as a food source.
Artificial
insemination
(AI) is used for commercial breeding, especially
for the turkey and guinea fowl.
However, AI is hampered by the rapid decline of
sperm viability
in vitro.
As a result,
there is
much interest
inthe
structure-function
of spermatozoa from domestic birds, particularly
as
related
to short and long-term storage of semen.
The ultrastructure
of chicken spermatozoa has
been thoroughly characterized
(Nagano, 1962; Lake
et al., 1968; Harris et al.,
1973; Tingari,
1973;
Bakst and Howarth, 1975; 1976), but there are few
studies of turkey sperm microanatomy (Marquez and
Ogasawara, 1975; Thurston,
1976; Bakst and Sexton
1979).
A paucity of information
exists on guinea
fowl sperm ultrastructure
(Thurston et al., 1982).
The objective
of the present review is to compare
the ultrastructure
of chicken, turkey and guinea
fowl spermatozoa.
Materials

and Methods

Spermatozoa examined by SEM or TEM were from
semen samples collected
and pooled from either
guinea fowl, chickens (White Leghorn or Barred
Plymouth Rock) or turkeys (Large White).
The
methodology for SEM was as described by Thurston
et al., (1982).
Basically,
spermatozoa were
washed by diluting
the semen 1 :1 with Millonig's
phosphate buffer (Millonig,
1962) and centrifuged
to remove the buffer and seminal plasma.
The
spermatozoa then were resuspended within 2%
phosphate-buffered
glutaraldehyde
and fixed for
3 (turkey and chicken) or 20 (guinea fowl) h.
Turkey and chicken sperm were further fixed with
0.5% phosphate-buffered
osmium tetroxide
for 1 h.
After dehydration
with graded ethanol solutions,
a drop of ethanol with suspended sperm was placed
on glass coverslips
or SEM stubs and the sperm
were allowed to settle.
Following critical
point
drying using CO2, the specimens were gold coated
at 10\J amps for 440 sec.
Guinea fowl sperm were

turkey,
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scanned with an ETEC Autoscan SEM, whereas turkey
and chicken sperm were scanned with a JEOL 848
SEM.
Sperm for TEM were washed as above and fixed
for 2 h each with phosphate-buffered
3% glutaraldehyde then 1-2% osmium tetroxide
as described by
Thurston (1976) and Thurston et al.,
(1982).
For
tannic acid fixation,
4% tannic acid was added
to the glutaraldehyde
(Tilney et al., 1973).
Chicken sperm were placed in Beltsville
Poultry
Semen Extender (BPSE; Sexton, 1977), adjusted to
650 mOsmol with NaCl, and when immobilized,
they
were gently centrifuged
and resuspended
in the
tannic acid fixative
for 2 h. They were further
processed with osmium tetroxide,
etc. using the
aforementioned
procedure.
Dehydration was achieved with graded ethanol
solutions,
and the spermatozoa were embedded in
epoxy resin and further
stained with uranyl
acetate and lead citrate
before examination with
a Philips EM 300 electron
microscope.

The width then decreased
of the flagellum.

to 0.1-0.2µm

at the end

Results
Scanning

Electron

Microscopy

The general shape of guinea fowl (guinea),
chicken and turkey spermatozoa was remarkably
similar.
The spermatozoa were long and narrow
with a vermiform appearance,
and an acrosome,
nucleus, midpiece and flagellum
could be
discerned
(Fig. la). The nucleus was usually
curved, giving the head a 'bow-shaped'
appearance.
The anterior
end of the sperm consisted
of a
conical acrosome which was most prominent in
guinea sperm (Fig.lb).
The acrosome of the
turkey and guinea was 1.6 to 1.Bµm long, compared
to 2µm or greater for the chicken acrosome.
The
surface of the nucleus was rough in appearance,
which probably represented
irregular
knob-like
projections
of chromatin seen in cross sections
of the nucleus visualized
by TEM (Fig. Sa).
The
nucleus gradually
increased
in diameter from its
junction with the acrosome to its distal
end at
the beginning of the midpiece (Fig. lb-le).
The
guinea and chicken sperm nuclei were 10 to 14µm
in length while those of turkey spermatozoa were
shorter
(7 to 9µm).
The tail consisted
of a midpiece, principal
piece and end piece.
The junction
of the nucleus
with the midpiece at the neck region was most
conspicuous in guinea sperm (Fig. le), and
mitochondria
around the modified distal
centriole
appeared to be arranged helically
(Fig. le).
The
arrangement of mitochondria
was most obvious in
damaged sperm with the plasmalemma at the
midpiece removed (Fig. ld).
The flagellum comprised most of the length
of the spermatozoon,
although the junction
between the principal
and end piece, which is
obvious in mammalian spermatozoa
(Fawcett, 1975),
could not be discerned with SEM. Turkey and
guinea sperm flagella
were usually 60-65µm long,
but flagella
of chicken spermatozoa often
exceeded 70µm in length.
In summary, chicken
spermatozoa were longer, 90µm or more compared to
75-BOµm for turkey and guinea fowl sperm.
For
all three species,
the spermatozoa increased
in
width from the acrosome to a maximum of 0.5-0.7µm
at the junction
of the nucleus with the midpiece.

Figs. 1a-1d.
SEM of turkey (1a,1d) and guinea
fowl (1b,1c) sperm.
The narrow, vermiform shape
of the turkey spermatozoon (Fig. la) is typical
for sperm of non-passerine
birds.
Apical tip
acrosome, N = nucleus, M = midpiece, F =
flagellum.
Fig. lb depicts the conical shape of
the acrosome (A) and 'knob-like'
projections
of
chromatin from the surface of the nucleus (N).
Fig. le shows the distinct
junction of the
nucleus (N) with the midpiece (M) of the tail
observed in guinea sperm.
A damaged turkey sperm
with a denuded midpiece (Fig. ld) demonstrates
helical
arrangement of mitochondria
(M). N
nucleus.
Bars: Fig. la= 5µm; Figs. 1b-1d = 0.5µm.
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·Figs. 2a-2c.
Acrosomal region of turkey (2a),
chicken ( 2b) and guinea fowl ( 2c) sperm.
The
acrosomal 'cap' (A) overlaps
a perforatorium
(P)
which inserts
into a nuclear
concavity.
The
perforatorium
is not membrane bound and is
surrounded
by amorphous, granular
material.
The
perforatorium
of the guinea fowl sperm is
appreciably
longer than that of the turkey or
chicken.
Bars: Figs. 2a-2c = 0.1µm.
Transmission
Electron
Microscopy
Longitudinal
sect ions of the acrosome and
anterior
end of the nucleus are shown in Figures
2a-2c.
The membrane-bound acrosomal cap contained a granular,
amorphous material
which
surrounded a perforatorium,
and adjacent
to the
perforatorium
was fine, granular
material
of
moderate density
(more abundant in chicken spermatozoa; Figs. 2b,3c).
At its distal
end, the
acrosomal cap encircled
project ions of chromatin
from the apical portion of the nucleus.
The
perforatorium
inserted
into a concavity
of the
nucleus at the posterior
end, and extended
obliquely
forward approximately
half the length
of the acrosomal cap in turkey and chicken,
but
nearly the entire
length of the cap in guinea
sperm.
Thus, the perforator
i um of the guinea was
appreciably
longer than that of the chicken or
turkey,
1.9 versus 1.0µm, respectively.
The base
of the perforatorium
of chicken and guinea sperm
was wider than that of the turkey (Figs. 2a-2c).
The substance
of the perforator
i um was dense
and amorphous, and often interrupted
by lucent
channels,
although clearly
defined boundaries
of
the channels were not apparent.
In high magnification micrographs
of longitudinal
and cross
sections
toward the tip of the turkey perforatorium, the lucent areas contained
granular

Figs. 3a-3d.
As shown in Figs. 3a and 3b for
turkey sperm, the perforatorium
has lucent areas
( L) containing
granular
material.
The granular
material
surrounding
the perforatorium
(G) is
most abundant in chicken sperm (Fig. 3c).
Tannie
acid-fixed
chicken sperm has well defined membranes (Fig. 3d): C = outer cell membrane; A=
acrosomal cap membrane; N = double nuclear
membrane.
The inner acrosomal membrane is not
labeled.
Bars: Fig. 3a = 0.1µm; Figs. 3b-3d =
0.05µm.
material
similar
to that adjacent
to the
perforatorium
(Figs.
3a-3b).
Micrographs of_
cross sections
at the base of the perforator1um
of tannic acid-fixed
chicken sperm demonstrated
the plasmalemma, inner and outer acrosomal,
and
double nuclear membranes (Fig. 3d).
Views of longitudinal
sections
of the base
of the nucleus and anterior
portion of the midpiece of the tail are shown in Figs. 4a-4c.
The
nuclear chromatin was dense and granular
with
occasional
small lucent areas giving it a mottled
appearance
(Fig. 5a).
The distal
end of the
nucleus terminated
in a concavity
identified
as
the implantation
fossa (Figs. 4a-4c, 5b; Fawcett,
1975).
For turkey (Figs.
4a, 5b) and chicken
(Fig. 4b) sperm, dense processes
extended
radially
from the proximal centriole
wall to abut
against
the nuclear membrane in the concave
implantation
fossa.
The centriole
complex plus
the projections
constitute
the non-striated
connecting
piece of the neck of the spermatozoon
(Bakst and Howarth, 1975).
An interesting
difference
between chicken or turkey as compared
to guinea sperm was the presence of peq~ndicu~
larly oriented
proximal and distal
centr1oles
1n
sperm of the former, but what appeared to be only
a distal
centriole
in guinea sperm (Figs.
4a-4c,
5b-5c).
The non-striated
connecting
piece of the
guinea spermatozoon
consisted
of projections
originating
from the wall of the distal
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Fig. 5a. Cross section of a turkey sperm nucleus.
Dense chromatin (NC) granules are surrounded by
lucent areas.
Bar: = 0.1µm.
Figs. 4a-4c.
Anterior portion of the midpiece of
turkey (4a), chicken (4b) and guinea fowl (4c)
sperm.
For turkey and chicken sperm, a proximal
centriole
(PC) is orientated
at right angles to a
distal
centriole
(DC). Only a short distal
centriole
(DC) is visible
for guinea sperm ( 4c),
which inserts
into a pronounced implantation
fossa at the base of the nucleus.
M: mitochondria.
Bars: Figs. 4a-4c = 0.1 µm.

Figs. 5b-5c.
The non-striated
connecting piece
consists
of dense projections
from the proximal
centriole
(PC) in turkey sperm (Fig. 5b) and what
appears to be the distal
centriole
(C) in guinea
sperm (Fig. 5c).
One projection
was associated
with one set of the nine triplicate
centriolar
microtubules.
Bars: Figs. 5b-5c = 0.1µm.

centriole.
To accommodate this arrangement,
the
implantation
fossa was more curved, the caudal
end of the nucleus forming a semicircular
concavity
(Fig. 4c).
For all sperm examined, cross sections
of
the centrioles
had the typical
'pinwheel'
arrangement (Dustin, 1984) of nine triplet
microtubules
embedded in a cylindrical,
dense wall (Figs. 5b,
5c, 6a).
Each projection
of the non-striated
connecting piece was associated
with one set of
the triplicate
microtubules
(Figs. 5b-5c).
Following fixation
with tannic acid the protofilaments of the proximal and distal
centriole
microtubules of chicken sperm were visible
(Figs. 5d,
6b).
The number of protofilaments
was typical
for centriolar
microtubules;
i.e.,
13 for microtubule A, and 10 for Band C (Dustin, 1984).
From SEM micrographs (Fig. 1d) and those of
midpiece cross sections
(Figs. 7a-7c) where the
mitochondrial
length varied progressively
from
long to short,
it was ascertained
that the midpiece had 25-30 mitochondria
arranged in a
helical
pattern.
The mitochondria
were polygonal
with the dimensions being approximately
0. 8 X
0.17 X 0. 3µm. Cristae of turkey and chicken sperm
mitochondria
were parallel
to the outer membrane

Fig. 5d. Triplicate
microtubules
of the proximal
centriole
of chicken sperm fixed with tannic acid.
Note that the A microtubule
is complete; whereas,
Band Care semicircular.
The tubulin protofilaments are visible:
13 for microtubule
A, 10 for B
and C. Bar: = 0.05µm.

Figs. 6a-6b.
Tannie acid-fixed
chicken sperm
showing a lamellated
plasma membrane (Fig. 6a,
LM). The distal
centriole
(DC) also has a
'pinwheel'
arrangement of triplicate
microtubules
with the standard protofilament
number (Fig. 6b).
Bars: Fig. 6a = 0.1µm; Fig. 6b = 0.05µm.
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Figs. 7a-7c.
Turkey sperm midpiece at progressively distal
levels.
The distal
centriole
microtubules
become circular
and the dense wall
material
disintegrates
(Fig. 7a, DC= lumen of
the distal
centriole).
Central,
singlet
microtubules
then become visible
(Fig. 7b·, arrow)
followed
by appearance
of the 9 + 2 microtubular
pattern
of the axoneme (Fig. 7c).
Vestiges
of
dense material
remain with the A doublet
microtubule
(7c, arrow).
M = mitochondria.
Bars: Figs.
7a-7c = 0.1µm.
Fig. 7d.
Annulus (arrows)
the guinea sperm midpiece
flagellum.
Bar: = 0.1µm.

Birds

Figs. 8a-8d.
Figs. 8a and 8c represent
turkey
flagella
fixed while motile.
The axonemal
doublets
have a complete,
dense A ( A) microtubule
connected
to dynein arms (D) and radial
links
(R), and an incomplete,
lucent
B microtubule
(B).
The outer amorphous sheath
(Fig. 8a) disappears
in the distal
end of the flagellum
(Fig. 8c).
The inner matrix is coalesced
in chicken flagella
fixed after
being immobilized
by hypertonici
ty
(Fig. 8b), obliterating
the radial
links,
but the
double microtubules,
with 13 protofilaments
in A
and 1 0 in B, are intact
(Fig. 8d, A and B).
Bars: Figs. 8a-8d = 0.05µm.

at the termination
of
and beginning
of the

(Figs.
4a-4b) but the guinea sperm mitochondrial
cristae
were often oblique
and the inner matrix
was more dense (Fig. 4c).
The plasmalemma
surrounding
tl1e midpiece appeared
ruffled
in
glutaraldehyde-fixed
specimens
(Figs.
4a-4c),
but
sperm fixed with tannic
acid had lamellated
membranes, especially
the plasmalemma in the neck
region
(Fig. 6a).
The distal
termination
of the
midpiece was marked by an annulus which appeared
dense and triangular
in longitudinal
sect ions
(Fig. 7d).
The distal
centriole
served as a basal body
from which developed
the flagellum,
and Figs.
7a-7c depict
this process.
The centriole
had a
lucent
center mottled
with sparse
granular
material
which extended
from the apical
end of
the centriole
caudally
to the origin
of the inner
paired microtubules
(Figs.
4a-4c) of the axoneme.
This distance
varied,
being 2.2, 0.9 and 0.65µm
for turkey,
chicken and guinea sperm, respectively.
In caudal progression
along the distal
centriole,
the triplet
microtubules
became
circularly
arranged,
the inner singlet
microtubules
became apparent
and the 9 + 2 microtubular pattern
of the axoneme appeared.
The dense
material
of the centriole
wall dispersed
with
remnants
asso0.iating
with microtubule
A of the
axonemal doublets.

Figs. 9a-9b.
Longitudinal
sections
of turkey
sperm flagellum.
The central
tubules
are bridged
by material
spaced 12 nm (Fig. 9a, arrow).
Axonemal microtubules
extend to the end of the
flagellum
(Fig. 9b).
Bars: Figs. 9a-9b = 0.1µm.
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N-acetyl-glucosaminidase
(Mcindoe and Lake,
1974).
These and possibly other acrosomal
enzymes have been shown to hydrolyze the
perivitelline
layer, the single investment
enveloping
the hen's yolk mass (ovum) at
ovulation
(Yanagimachi and Teichman, 1972; Bakst
and Howarth, 1977; Okamura and Nishiyama, 1978a;
1978b).
However, little
is known of the
biochemical
and ultrastructural
events associated
with sperm activation
in the presence of the ovum
and the early events following penetration
of the
ovum. Turkey spermatozoa show acrosin activity
immediately after ejaculation,
and the enzyme is
difficult
to free from the acrosome unless 4M
urea is used in the extraction
procedure
(Richardson,
1986).
Whether it exists
in the
amorphous cap material,
or granular material
around the perforatorium,
or both, remains
unknown.
The perforatorium
develops from a dense
granule after contact of the Golgi-derived
proacrosomal granule with the spermatid nucleus
(Nagano, 1962; Tingari,
1973; Okamura and
Nishiyama, 1976; Thurston,
1976; Gunawardana and
Scott,
1977).
Spermatozoa of reptiles
(lizards;
Del Conte, 1976; Butler and Gabri, 1984) and
amphibians (toads; Burgos and Fawcett, 1956) also
have perforatoria.
The perforatorium
does not
connect with the acrosomal cap or nucleus,
and is
not limited by a membrane (Lake et al., 1968;
Tingari,
1973; Bakst and Howarth, 1975).
The
evolutionary
pattern favors diminution of the
perforatorium,
thus in higher animals only a
diminutive
pseudoperforatorium
is observed as for
the rat ( Baccetti et al., 1980).
In contrast,
the crested tinamou, a very primitive
bird, has a
tube-like
structure
resembling a perforatorium
which extends from the tip of the acrosome to the
base of the nucleus (Asa et al., 1986).
Campanella et al.,
( 1979) found that the turkey
perforatorium
consisted
of actin,
which Baccetti
et al.,
( 1980) believed served to support the
conical shape of the acrosome.
A thin layer of
actin and myosin can be demonstrated
in the
subacrosomal space of most mammalian sperm
(Baccetti,
1979).
The perforatorium
of turkey and chicken
spermatozoa was short,
but that of the chicken
was wider, resembling the perforatorium
of the
mallard duck (Humphreys, 1972).
As in budgerigar
sperm (Humphreys, 1975; Samour et al., 1986), the
guinea perforatorium
was long and wide, extending
to the apex of the acrosomal cap.
The role of
the perforatorium
in fertilization
is not known.
Okamura and Nishiyama (1978a) found that the
sperm cell plasmalemma fuses with the membrane of
the ovum (chicken),
opening the apical end of the
acrosome and liberating
its contents.
In contrast,
Bakst and Howarth (1977) did not observe
an acrosome reaction,
but found only fenestrated
acrosomal membranes associated
with chicken sperm
recovered from the medium during attempts at in
vitro fertilization.
The perforatorium
enters
the ovum with the sperm (Okamura and Nishiyama,
1978b).
Sperm nuclei from the three Galliformes
examined were enveloped by an outer cellular
and
a double nuclear membrane and consisted of compact chromatin granules.
The elongated,
'bow-

Cross sections
of the flagella
showed
typical
9 + 2 microtubular
axonemes (Fig. 8a).
The A microtubule of the outer doublets was
completely circular
and filled
with dense
material.
Projecting
from this tubule were
radial
links communicating with the inner singlet
microtubules,
and 'arms' of the ATPase dynein
(Fawcett,
1975).
Surrounding the outer doublets
was an 'amorphous sheath'
(Lake et al.,
1968).
This consisted
of granular material
similar to
that observed in and around the subacrosomal
space, and continued distally
while becoming
progressively
more attenuated
until only the
plasmalemma enveloped the axonemal complex at the
end of the flagellum
(Fig. 8a, 8c).
The portion
of a flagellum with the outer matrix around the
doublets is referred
to as the principal
piece of
the tail,
whereas the area with the cell membrane
in juxtaposition
to the doublet microtubules
is
the end piece.
The dense A microtubule
of the doublet
extended uninterrupted
along the length of the
flagellum
(Fig. 9a), but doublet microtubules
probably be come single near the end of the
flagellum
as shown for chicken (Lake, et al.,
1968) and mammalian (Woolley and Nickels,
1985)
sperm.
The inner singlet
microtubules
were
bridged by material approximately
12nm apart
(Fig. 9a).
Exposure of chicken sperm to BPSE made hypertonic with saline (650 mOsmol) stopped motility,
which resumed if the sperm were placed in an
isotonic
diluent.
Flagella
fixed when immotile
had a condensed matrix which obliterated
the
radial
links (Fig. 8b).
The immobilized flagella
still
contained their microtubules
and associated
protofilaments
(Fig. 8d).
The protofilaments
represent
helical
assemblies of the heterodimer
protein,
tubulin (Dustin,
1984).
Discussion
The turkey, chicken and guinea are birds
with a sauropsid type of sperm cell characteristic of non-passerine
birds (Humphreys, 1972).
Spermatozoa from birds of this type have a
similar
ultrastructure,
but from SEM micrographs
it has been ascertained
that they differ
in
length, e.g.,
budgerigar
sperm (Samour et al.,
1986) are shorter than those of the guinea and
turkey, and chicken sperm are longest of the four
compared.
Most mammalian sperm possess acrosomes showing regional
differentiation
and intimate associations with underlying structures
(Fawcett,
1970;
1975). In contrast,
sauropsid sperm acrosomes are
homogeneous in appearance and do not appear to
form special associations
with any other sperm
organelles.
At its base, the acrosomal cap of
sperm from the turkey, chicken, guinea and duck
(Humphreys, 1972) encircles
chromatin projecting
from the anterior
end of the nucleus.
However,
spermatozoa from the budgerigar
possess acrosomal
caps which end adjacent to, but do not overlap
the nuclear chromatin (Samour et al.,
1986).
Studies of extracts
from chicken and turkey
spermatozoa indicate
that the acrosome possesses
the trypsin-like
enzyme acrosin (Ho and Meizel,
1970; Thurston and Rogoff, 1984) and possibly
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shaped' nucleus is believed
to be formed by
forces exerted
by a system of microtubules
(manchette)
during spermiogenesis
(Nagano, 1962;
McIntosh and Porter,
1967).
Posterior
to the nucleus was the midpiece
which contained
the centrioles
and associated
structures.
Chicken and turkey spermatozoa
have
a proximal and distal
centriole
which are perpendicular
to one another (Nagano, 1962; Lake et
al.,
1968; Tingari,
1973; Bakst and Howarth,
1975; Thurston,
1976) as does sperm of the duck
(Humphrey, 1972), budgerigar
(Samour et al.,
1986) and crested
tinamou (Asa et al.,
1986).
Within the dense wall of the centrioles
are found
the nine sets of triplicate
microtubules.
Anderson (1972) found in centrioles
from the
monkey oviduct
that as the triplet
microtubules
transverse
from base to apex, they twist and the
angle they form with a tangent
to the luminal
circumference
at the A tubule decreases.
Evidence
that the microtubules
of the distal
centriole
from chicken sperm twist can be observed
in micrographs by Bakst and Howarth (1975).
Such an
arrangement
of the microtubules
would explain
why
only one set of triplicate
microtubules
is
clearly
visible
in cross sections
of the anterior
end of the distal
centriole,
and why the microtubules
become circular
toward the posterior
end,
as explained
by Anderson (1972).
The proximal centr iole and its peri centr iolar processes
have been identified
as the
non-striated
connecting
piece for chicken sperm
(Bakst and Howarth, 1975).
There is one process
per triplicate
set of centriolar
microtubules,
an
arrangement
also observed
in metazoan sperm
(Afzel.ius,
1979).
When the proximal centriole
is
observed sectioned
longitudinally
(Bakst and
Howarth, 1975) , again dense processes
are seen
projecting
from the centriolar
wall toward
con ca vi ties at the base of the nucleus.
This
suggests
that there may be several
rows of the
dense processes
forming the non-striated
connecting piece.
Structures
analogous
to the basal
plate,
capitulum and striated
connecting
piece of
mammalian sperm (Fawcett,
1975) were not observed
in the avian sperm examined.
In contrast
to the aforementioned
avian
species
·,1hich have a proximal centriole
in their
sperm, g;.iinea sperm do not have a clearly
discernible proximal centriole
(Thurston et al.,
1982).
Instead,
what appears to be the distal
centr iole
is ins,erLed into a concavity
of the nucleus and
dense projections
extend radially
to the adjacent
nuclear
:nembrane.
We originally
believed
that
the proximal
centriole
was absent (Thurston
et
al.,
1982), but in-line
orientation
with the
distal
centriole
cannot be discounted.
Both
situat,io1s
are encountered
in sperm from aquatic
species
(Afzelius,
1979).
Variation
in the
arrangement
of the centrioles
was the most
saliernt
ultrastructural
difference
among the
sperm ex3.mined.
Further studies
are needed to
confirm this finding
and to determine
its
evolutio1ary
significance.
Surrounding
the distal
centriole
complex and
extendling
to the annulus was the mitochondrial
sheath!.
The turkey,
chicken and guinea sperm all
had approximately
25-30 mitochondria
arranged
helically
as polygonal structures
around the
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elongated
distal
centriole
(Marquez and
Ogasawara 1975).
The number of mitochondria
possessed
by sauropsid
sperm is indicative
of the
phylogenetic
standing
of the species
from which
they originate,
as sperm from aquatic
animals
have few mitochondria,
whereas mammalian sperm
have many (Fawcett,
1970).
The morphological
similarity
of the mitochondria
from the species
examined belies
important
metabolic
differences,
as turkey sperm mainly utilize
aerobic oxidation,
but chicken sperm are quite capable of anaerobic
glycolysis
(Wishart,
1982).
Lake and Wishart
(1984) suggested
that the greater
proportion
of
midpiece to head components in turkey versus
chicken spermatozoa
may reflect
the greater
capacity
of turkey spermatozoa
for oxidative
metabolism.
Flagella
arise from the modified distal
centriole,
but a distinct
basal body, as for the
genesis of cilia,
is not seen.
Formation of
flagellum
involved
the distal
centriole
microtubules becoming less angular,
then the C
microtubule
transformed
until typical
axonemal
doublets
were recognized.
The dense wall
material
of the distal
centriole
dissociated
until only vestiges
remained in contact
with the
A doublet microtubule.
A similar
pattern
has
been reported
for monotreme spermatozoa
(Carrick
and Hughes, 1982), but the majority
of mammalian
sperm have outer dense fibers
which may originate
from the distal
centriole
wall (Fawcett,
1975).
Flagella
form and project
from spermatids
before
the centriolar
complex articulates
with the
nucleus
(Nagano, 1972; Okamura and Nishiyama,
1976; Thurston,
1976; Gunawardana and Scott,
1977).
Where the distal
centriole
initially
contacts
the spermatid
membrane a dense substance
is observed,
and from this site the flagellum
extends
posteriorly
(Thurston,
1976; Gunawardana
and Scott,
1977).
Dustin (1984) indicated
that a
dense matrix seems to be important
for differentiation of basal bodies to form cilia
or flagella.
This area in mature sperm is re presented
by the
end of the distal
centriole
where the lucent
center of the centriole
ends and the central
axoneme mi crotubules
be gin.
Gunawardana and
Scott (1977) called this site the transverse
plate.
Nagano (1962), Tingari
(1973), Okamura
and Nishiyama (1976) and Thurston
(1976) reported
that this was where the flagellar
central
tubules
originated,
but Lake et al.,
(1968) believed
that
they extended from the proximal centriole.
During spermiogenesis,
spermatid
cytoplasm
extends caudally
from the transverse
plate along
the flagellum,
leaving a lucent area between the
cytoplasm and fl age llar membrane (Nagano, 1962;
Gunawardana and Scott,
1977).
This event is
believed
to be followed by migration
of the
annulus along the flagellum,
probably to the end
of the adjacent
cytoplasmic
extension
(Okamura
and Nishiyama,
1976; Xia et al.,
1986).
This
would explain
why the annulus in mature sperm is
not located
at the site where the distal
centriole
contacted
the spermatid
membrane, i.e.,
at the end on the lucent center of the distal
centriole
where it is believed
that the annulus
formed from the dense material
along the
spermatid
membrane.
It is not understood
why the
portion
of the distal
centriole
defined by the
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chicken sperm for TEM, and Joan Hudson for
technical
assistance
with electron
microscopy.
SEM and TEM micrographs
of guinea fowl sperm were
published
in Poultry
Science,
~,1738-1743,
and
are presented
herein with the permission
of the
authors.
The manuscript
represents
technical
contribution
No. 2693 of the South Carolina
Agricultural
Experiment
Station,
Clemson
University.

length of the lucent
center
is longer for turkey
spermatozoa
(and also the duck; Humphreys, 1972)
than for sperm of the chicken or guinea.
Perhaps
this reflects
smaller
spermatids
in the latter
species.
It is interesting
that the lucent
center of the distal
centriole
of the crested
tinamou extends
the length of the midpiece,
terminating
at the annulus
(Asa et al.,
1986),
while that of the budgerigar
is very short
( Samour et al.,
1986) .
The ultrastructure
of flagella
from the
spermatozoa
of the three avian species
was
similar.
However, the flagella
differed
from
those of most mammalian sperm in lacking
outer
dense fibers
or longitudinal
columns (Fawcett,
1 975).
The structure
of the 9 doublet
plus two
central
microtubules
of the axoneme, and the
arrangement
of microtubule
protofilaments
reflected
the similarity
in these structures
which exist
independent
of phylogeny and microtubule
location
(Tilney
at al.,
1973).
Mechanisms of sperm locomotion
were reviewP.d by Satir
(1979).
The current
understanding
is that the
ATPase dynein converts
ATP to ADP-Pi resulting
in interaction
of the dynein with tubulin
of
subfiber
B of the adjacent
doublet.
This is
thought to initiate
sliding
between the doublets
with regulation
by the radial
links and their
connections
to the central
tubules
(Satir,
1979).
As reported
by Thurston
and Froman (1979)
for turkey sperm, hypertonicity
immobilizes
sperm
which appears
to be by condensation
of material
around the microtubules,
eliminating
evidence
of
the radial
links.
In a similar
manner, cilia
of
freshwater
mussels are immobilized
in hypertonic
solutions,
and their
matrix is also condensed
around the microtubules
(Kilburn
et al.,
1977).
Return to isotonicity
restores
motility
in both
instances,
and the flagella
and cilia
again
exhibit
a normal ultrastructure.
The avian sperm cells
are enshrouded
by a
plasmalemma which appears
ruffled
when fixed with
glutaraldehyde
(Bakst and Howarth, 1 975).
The
membrane probably
contains
receptors
in the head
region
important
for ovum recognition
as it is
endowed with glycoproteins
which bind concanavalin A and ferritin
(Bakst and Howarth, 1977).
As shown in the present
research,
the layers
of
the membranes are prominent
in tannic
acid-fixed
spermatozoa.
For example,
a lamellation
of what
appeared
to be the plasmalemma was observed
in
the midpiece
area which had not been previously
reported.
However, membrane scrolls
are commonly
seen in mammalian sperm, especially
in the area
of the nucle ar-midpie ce junction,
but they are
thought
to be from excess nuclear
membranes
(Fawcett,
1970).
Membrane integrity
is easily
disrupted
in the chicken or turkey sperm by
techniques
such as freezing
(Harris
et al.,
1973)
although
the distribution
of ferritin
binding
sites
are not altered
(Bakst and Sexton,
1979).
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Discussion

with

Reviewers
B. Afzelius:
You claim that evolution
favors
a diminution
of the spine (the postacrosomal
rod). This is in good agreement with the paper by
Asa et al. (J. Ultrastruct.
Res. 94, 170, 1986)
which deals with the spermatozoa
of the crested
tinamou (a very primitive
bird),
that has a very
long spine.
Any comments?
Authors:
It is interesting
indeed that the
crested
tinamou spermatozoon
has a "tubelike
structure"
resembling
a perforatorium
extending
the length of the nucleus.
For certain,
sperm
from non-passerine
avian species
on a higher
evolutionary
plane do not possess a perforatorium
developed to this extent.
Asa et al. (1986)
mentioned that actin of the perforatorium
may be
important
for pr ope 11 ing the acrosome through egg
investments.
An acrosome reaction
similar
in
some ways to that of mammalian sperm seems to
re place the need for an extensive
perforator
ium
in sperm from less primitive
avian species.

M. Bakst:
Blum (J. Theor. Biol. 33, 257, 1971)
suggested
that there exists
"a region specialized
for ease of breaking
in cilia
and flagella."
We
know that a major defect in the chicken and
turkey is bent-sperm
(Bakst and Sexton,
1979),
and that the bend is usually
observed at the
midpiece.
Please comment on the relationship,
if
any, between bent-sperm
and this "breaking-point"
described
by Blum.
Authors:
Bakst and Sexton (1979) noted that
turkey spermatozoa,
especially
those which had
been cooled or equilibrated
with a cryopreservati ve, were often bent.
However, the bend as
described
by these authors
"appeared
at the neck
region,
along the distal
aspect of the nucleus
and the full length of the midpiece".
In
contrast,
the "breaking
point" identified
by Blum
occurred
"between the kinetosome and the flagella
or ciliary
shaft".
This area in the spermatozoa
examined would correspond
to the transverse
plate.
Since the bends observed by Bakst and Sexton were
apparently
not confined
to this site,
we support
the conclusion
Blum made, i.e.,
that "systematic
experiments
.... would be needed to decide whether
the existence
of a breaking
point in sperm is a
general
phenomenon".

P.E. Lake:
How do you envisage
the filiform
structure
per se of the chicken and turkey
spermatozoon
being linked with difficulties
of
preserving
them?
Authors:
Perhaps not the filiform
shape itself,
but the surface
to volume ratio
of the chicken
and turkey sperm cell is important.
A large
surface
to volume ratio
would predispose
the
oolls to quick shifts
in intraoollular
water due
to changes in osmolarity,
and rapid response
to
thermal or chemical stress.
These characteristics,
in situations
of improper cryopreservation
technique,
may subject
the cells
to the type of
damage reported
by Bakst and Sexton (1979).

B. Afzelius:
The acrosome has a different
electron
density
in Figs. 2a, 2b and 2c, thus in
the three species.
Is the difference
real and
reproducible,
or due to a coincidence?
Authors:
Since this was a review,
the micrographs are from studies
done at different
times,
with samples prepared
by different
individuals.
Although the general
techniques
used were the
same, some differences
in contrast
are to be
expected
due to variations
in negative
density,
etc.
This question
could only be definitively
answered by TEM of the three types of spermatozoa
which were prepared at the same time using the
same chemicals.

B. Afzelius:
For
comparative
aspects
of
avian
spermatozoa
there
are
two
very
important
papers
performed
with
light
microscopy,
one by G. Retzius
(Biologische
Untersuchungen,
Vol 14,
1909) and the other
by McFarlane
(Proc 13th Ornith Congr,
1963).
They
show that
there
is
a sharp
border
between
the
passerine
birds
with
helical
spermatozoa
and other birds with
spermatozoa
of
the
sauropsid
type.
The findings
by
Thurston
and Hess are in good agreement with
the
data
by Retzius.
Have you consulted
these
papers and found any useful
data
for
comparative
spermatology?

B. Afzelius:
The principal
piece of the sperm
flagellum
is characterized
by what the authors
term 'an outer matrix'.
Does it contain
glycogen?
Is this part of the spermatozoon
equivalent
to
the glycogen piece of some other sperm types?
Authors:
To our knowledge, the histochemistry
of
the outer matrix material
in the flagellum
principal
piece has not been studied
in the three
types of avian spermatozoa
examined.
However,
unlike the matrix of the crested
tinamou
flagellum
which is flocculent
and thought to be
glycogen
(vide Asa et al.,
1986), this material
in the turkey,
chicken and guinea spermatozoon
flagella
is more filamentous.
For this reason we
do not believe
it represents
glycogen.

The work of Retzius
(1909) was an
Authors:
important
and surprisingly
accurate
depiction
of the morphology
of avian
spermatozoa,
and
it
was recognized
that the simpler
sperm
of
most
birds
is reptile-like
or "sauropsid".
McFarlane
(1963)
followed
this
and other
studies
by
associating
morphological
variation
of the sperm with taxonomic
levels.
Our work
supports
the concept
of minimal
variation
of structure
among
"sauropsid"
sperm,
but
failure
to
find
a proximal
centriole
in guinea sperm was an interesting
exception.
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